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One of the most compelling aspects of studying
biology is that it has immediate relevance to the
world around us. It is the study of life, which can
give us amazing insight into how we as organisms work as well as our place in Earth’s ecosystem. This second point is especially crucial
for our students to understand, as the Earth is in
many ways in a state of ecological crisis. Ecosystems across the globe are changing, often as
the result of human influence, and an understanding of the causes and effects of these changes is
essential for our students, especially those in high
school, as they will not only be seeing the ripple
effects and impact within their lifetime, but will
also soon become the next generation of leaders,
politicians, administrators, business leaders, and
drivers of industry, putting them in a position to
make positive change for the future.
Student Outcomes
The activity described below was designed to
help students gain an understanding of how
changes in biological diversity, both in terms of
extinction and loss of population numbers, is impacted by and has an impact on human society, as
well as to have them examine and share specific
examples. It was used as part of Scientific Inquiries: Biology, the introductory biology course
for sophomores at the Illinois Mathematics and
Science Academy.
The lesson plan for this activity was divided into three parts. First, the students were
given a short reading on defaunation and ecosys-

tem disruption which led to a class discussion
about the issues described. Then, the students
were presented with the activity, and chose a topic from a list to research in collaborative groups.
Students did some of their research work in class,
allowing them to collaborate and to get feedback
and guidance as they researched their topics. The
topics were chosen for their relevance and currency, so most students were able to easily find
basic information on their subject in news articles. From there they were encouraged to follow
their line of research to more scientific sources,
such as peer-reviewed journals and reputable
websites. They were given several days outside
of class to finish up their research, and to create
and prepare to give their presentations. Finally,
the students then gave these presentations in
class and discussed each example. This activity addressed components of the science and engineering practices, disciplinary core ideas, and
crosscutting concepts from the Next Generation
Science Standards framework listed in Table 1.
Contextual Reading
This reading was given to students in order to
provide them with some background information
in regard to the current state of extinction and defaunation in our global ecosystem and the role
of humans in ecosystem disruption. The reading
was also the basis for a class discussion on these
topics. This information was taken from: Dirzo
et al (2014), Defaunation in the Anthropocene,
Science, 345(401).
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The Current Extinction: Defaunation and Ecosystem Disruption
Scientists estimate, conservatively, that there are 5 to 9 million different animal species on the
planet. But that number is continually changing and, unfortunately, dropping, as we are likely losing
11,000-58,000 species annually, and evidence suggests that on average, there has been a decline of
about 28% in terms of numbers of individuals within a species over the last four decades. Both of these
statistics are vitally important. The critical nature of the first is perhaps more obvious, as total loss of
a species is irrecoverable, but the second, a decline in population sizes of species, though more subtle,
may actually have more immediate impact and represents an area where positive progress can be made.
The term defaunation (fauna being a description of wildlife diversity) is starting to be used by
scientists to cover both the loss of species and declines in numbers within a species, in hopes that its
similarity to the term deforestation, which represents an issue the public is highly aware of, will generate more public attention and support for this vital area of biological study and conservation. In fact,
the topic and current research findings were the focus of a July 2014 issue of Science and conversations
are ongoing in the biological community about the extent of current extinction rates. Some studies
suggest that these rates are 100-1000 times higher than normal background extinction rates, which may
mean that we are currently in the early stages of the next mass extinction for our planet.
So far, research into defaunation has given us important information about current trends, such
as the knowledge that amphibians are among the most threatened vertebrates. Amphibians may not be
the first organisms you’d identify as having a measurable impact on an ecosystem, or on human wellbeing, but they play an important role in maintaining balance in aquatic ecosystems. Without them,
there can be an increase in algae and detritus, higher than normal nitrogen levels, and a disruption in
the metabolic cycles of the ecosystem. Other consequences of defaunation are just as critical. Insect
species, which are responsible for pollinating 75% of the world’s food crops, are declining globally.
A decrease in small vertebrate predators also has an impact on food production, as they normally help
keep arthropod pests in check. These pests are responsible for up to 15% of the losses in major food
processes.
Apart from food availability, one of the other major concerns for human populations is health,
which, too, can be affected by loss of species diversity and decline in organismal populations. Specifically, research has linked defaunation to increases in disease transmission and prevalence due to
changes in host abundance and behavior. Declining numbers can also have a significant impact in parts
of the world where wild animals are a main source of food, and extinction of species means the loss of
current or potential future sources for pharmaceutical compounds.
The critical nature of defaunation is clear, but why does it occur? Most of the causes, either
directly or indirectly, stem from disruptions of the natural interactions and balance in an ecosystem, a
phenomenon that can often be traced to human influence. Examples like habitat fragmentation or complete loss of habitat and introduction of invasive species directly result from human populations, while
other examples like climate change represent how humans affect other aspects of the ecosystem that
can then impact defaunation patterns. When we compare current extinction trends to historical data,
especially of the past major extinctions, the human influence is obvious and a unique feature driving
ecological changes, some of which were, unfortunately, preventable.
While these trends may seem somewhat depressing, the good news is that the more we understand about what is happening and the causes behind ecosystem disruption and defaunation, the better
we, as a society, will be able to come up with solutions to slow down or in some cases even repair some
of the damage that has been done. Already, scientists are using what they have learned to plan for the

Contextual reading on defaunation and ecosystem disruption.
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Table 1: NGSS. Components of the NGSS Framework addressed by this activity.

Reading Discussion
After students read “The Current Extinction: Defaunation and Ecosystem Disruption,” we held a
class discussion to ensure that students had an
appropriate contextual understanding for the activity and to provide an opportunity for them to
share their responses to the reading. To begin the
discussion, students were asked to brainstorm and
share with the class what sorts of things came to
mind when they heard the word extinction, prior
to the reading. Many of the responses came in
the form of some of the more well known endangered species, such as pandas, whales, and cheetahs. They were asked to think about why these
were the sorts of animals that came to mind, and
responded with: “They’re impressive.” “They
are cute.” “People like them.” and other similar
commentary. This led to a thoughtful discussion
of both benefits and drawbacks of having these as
focal points in society’s view of what’s happening to organisms as a result of ecosystem disruption, as they represent only one facet of a very
complex problem. From there, students were
asked to talk about what the differences between
extinction and defaunation were, and how the
loss of species and declines in numbers within a
species could have ripple effects throughout an
ecosystem and up through human society. When
asked what they found most interesting or surprising about what they read, several students
brought up how startling the statistics were in
terms of how many organisms and species are
being lost annually, and there were many comments like: “I never thought about why insects

would be important.” “I thought the push to save
all the animals was more just because it was just
the right thing to do, I didn’t realize it could have
a big impact on us.” The real word applicability
of this topic, as well as its connection to causes
that are currently quite trendy, kept the students
engaged, and they were eager to give their input.
Overall the reading seemed successful in getting
students to broaden their perspective on the risks
we are currently facing, and why understanding
ecosystem disruption is so important for our future.
Defaunation and Ecosystem Disruption
Activity
After the discussion, students were given the below activity so that they were able to connect to
a real world example of the phenomena covered
in the reading. Examples of topics used can be
seen in Table 2.
Your goal for this activity is to examine a specific
example of ecosystem disruption and share what
you have learned and ideas you might have for
the future. With your partner or group, research
one of the topics relating to ecosystem disruption
and defaunation listed in Table 2, and then address the following:
- How is this topic an example of ecosystem disruption? What change has occurred? What was
the normal state of the ecosystem and the place
of the organism involved in it? How might this
disruption contribute to defaunation or extinction
or how is it caused by these phenomena?
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Table 2: Examples of Ecosystem Disruption.
- Warm Weather in the Arctic
- Vulture Decline
- Aquatic Osteoporosis
- Phosphorous Pollution in Lakes
- Disappearing Bees
- Death of Sea Stars
- Reproductive Changes in Mosquitofish Related to Population Size
- Global Stilling and Wind Change
- Coral Bleaching
- Asian Carp as an Invasive Species
- Sumatran Rhino Decline
- Ocean Acidification
- Zebra Mussels as an Invasive Species
- Rabbits in Australia: Attempt at Control of Invasive Species Resulting in Coevolution with
Virus
- Changes in Fish Size as a Result of Fishing Practices
- Geese Populations: Change in Habitat Range and Status as Nuisance/Invasive Species
- Niche Invasion by Fruit Bats as Results of Nipah Virus and Deforestation
- Warming Sea Surface Temperatures and Cholera Outbreaks

- Has human influence played a role in this ecosystem disruption directly or indirectly? How?
- How does this disruption impact other organisms in the ecosystem? Are there specific species
interactions that have been affected?
- How might this change impact human society
and well-being?
- What is currently being done to mitigate/reduce
the impact of this disruption, if anything? What
steps might be taken to avoid it in the future? Are
there are any other ethical or societal issues involved (such as the balance between habitat destruction and necessity of crops)?
- With the information that you have gathered,
prepare a 5-7 minute presentation on your topic.
Include appropriate citations and a works cited
section.
You will be assessed on how well you answer
each question, and how you make connections be-
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tween your specific example and the topic of defaunation and ecosystem disruption as explained
above.
Student Assessment
Students were assessed on how well they answered the questions in the activity, including
how well they were able to use the information in
their sources, how clear their explanations were,
and whether they put their subject in context in
a meaningful way. Their visuals, usually PowerPoints, and verbal presentation were assessed
separately, as indicated in the rubric presented in
Figure 1. In addition, we offered an opportunity
for students to earn extra credit by participating in
a discussion after each presentation. Extra credit
was awarded for asking good questions, differentiated as those that showed thoughtful attention
and were extensions of what was presented and
not merely clarification questions.

Discussion
One of the risks of employing current events
in any classroom is that the information readily available for many of the “hot topics” does
not have a sufficient basis in science. One of the
successes of this unit was that although a quick
google search could provide the relevance of the
topics, the activity was designed to go beyond
the easy answers, requiring students to make
connections and provide context. They responded positively to this, and were especially intent
on discovering what was currently being done to
“fix the problems” that their topic discussed.

Likewise, most of the questions after each
presentation focused on what was or was not being done in this regard and the discussions were
often directed at problem solving, with many
comments about what the students themselves
thought would be helpful courses of action.
The presentations themselves varied in
terms of quality, as might be expected, depending on the effort and attention that students paid
to their creation, and how well they prepared to
present their information. The most frequent mistakes students made were technical rather than
in the content. They tended to include too much

Figure 1: Presentation Rubric.
Winter 2015		

17

Top Row: Two PowerPoint slide examples for
student presentation on zebra mussels.
Second Row: Two PowerPoint slides from the
students’ presentation on coral bleaching.
Third Row: Two example slides from the student presentation on changes in fish sizes.
Right: Powerpoint slide from the student presentation on ocean acidification.
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Sample PowerPoint slides for presentation on Asian carp as an invasive species.
text on their slides, and to read from their slides,
as is common when starting out in presenting
complex scientific content. Overall the students
were able to clearly communicate what they had
learned and address questions from their peers.
This was a capstone activity to go along
with our ecosystem and species interaction content, and the students were not going to be assessed on other groups’ examples, but were
expected to participate in discussion about the
topics. Adding incentive in the form of extra
credit for asking good questions was also a great
success as students were more active in the discussion than we expected, and their questions
helped to draw out more depth on the topics covered. It was a safe way for them to contribute,
as it would not work against them if they were
unsure of their question or were not comfortable
enough yet with a topic to think of anything. Students indicated that this encouraged them to pay
close attention during the presentations so that
they could think of creative and interesting questions, especially ones that other people might not
also think of.
Unfortunately there will continue to be
more and more examples of ecosystem disruption, so the number of possibilities for examples
that represent the depth and breadth of this issue
will likewise continue to increase. The benefit,
though, is that the activity can be easily updated
in order to stay current, or altered to include examples that will have more direct relevance to
the students. For example, many of the students
in my class were from areas near Lake Michigan,

the Mississippi river, or other smaller water systems, and recalled seeing signs warning boaters
about zebra mussels and the risk of transferring
them between waterways. After learning more
about them in the presentation, they were able to
understand the need for these signs, and were enthusiastic about how important it was for people
to follow the guidelines presented to prevent the
spread of this invasive species.
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